Summary. As reptiles are situated phylogenetically between the amphibians and the mammals, they exhibit considerable variation in the structure of their tongues. The present study, one of a series of studies on reptile tongues, aims to demonstrate the three-dimensional structure of the dorsal lingual surface of a turtle, the Japanese terrapin Clemmys japonica, and to clarify the ultrastructural features of the lingual epithelial cells. In the study lingual papillae were observed by scanning electron microscopy to be widely distributed over the dorsal surface of the tongue. Irregularly shaped (conical, columnar or angular) papillae were located in the anterior and central areas, and ridge-like ones, in the latero-posterior area. Histological examination revealed that the connective tissue penetrated into the core of the papillae, and the epithelium was of a stratified squamous and/or cuboidal type. Under the transmission electron microscope, two types of cells were identified in the intermediate layer of the apical epithelium of the lingual papilla: one type was probably an immature mucous cell, whereas the other was elongated in a baso-apical direction, its cytoplasm containing fine granules. In the surface layer of the apical epithelium, typical mucous cells and cells containing numerous, fine, electron-lucent granules were recognized. Both types of cells possessed microvilli on their free-surfaces. In the lateral epithelium of the lingual papillae, the cytological features from the basal layer to the superficial intermediate layer were essentially the same as in the apical epithelium. However, in the surface layer, mucous cells were significantly larger in number than in the apical epithelium.
In mammals, the tongue functions mainly for feeding (THEXTON, 1980) and for lapping (HIIEMAE et al., 1981) . In some mammals, it also functions for the brushing of body hair. The relatively strong keratinization, especially of the dorsal epithelium, is associated with the performance of these functions. The keratinized epithelium forms compactly distributed fine processes or filiform papillae (FARBMAN, 1966 (FARBMAN, , 1970 CANE and SPEARMAN, 1969; HUME and POTTEN, 1976; BOSHELL et al., 1982; STEFLIK et al., 1983; MACKENZIE and BICKENBACH, 1984; IWASAKI and MIYATA, 1989, 1990; IWASAKI,1990a) . In mammals, the tongue plays only a small part in the secretion of salivary fluid, as the major salivary glands develop to assume this purpose. By contrast, in amphibians, the tongue plays a very important role in the secretion of salivary fluid into the oral cavity, as well as in feeding (ZYLBERBERG, 1977; IWASAKI and WANICHANON,1991) .
Reptiles are situated phylogenetically between the amphibians and the mammals. There have been many macroscopic and light-microscopic studies on the tongues of reptiles (GNANAMUTHU, 1937; GOIN and GOIN, 1962; SMITH, 1984 SMITH, , 1986 SMITH, , 1988 SCHWENK, 1986) . The results of such studies have demonstrated considerable variation in the morphology and histology of the reptilial tongue. However, very few reports of electron-microscopic observations of the lingual epithelium of reptiles have been published (RABINOWITZ and TANDLER, 1986; IWASAKI, 1990b IWASAKI, , 1992 . These observations have indicated that lingual papillae are located all over the dorsal lingual surface of all species examined, that the papillae differ significantly in shape between these species, and that the composition of the dorsal lingual epithelium also differs between species. The present study, one of a series of studies in the reptile, was designed to provide information about the surface of the dorsal lingual epithelium of a turtle by scanning electron microscopy (SEM), after removal of the overlying mucous material, and also to identify the ultrastructural features of the epithelial cells. 
MATERIALS AND METHODS
Tongues from three male and two female adult Japanese terrapins, Clemmys japonica (Chelonia, Emydinae), which weighed from 200g to 500g, were used. The tongues were fixed with half-strength Karnovsky solution (2% paraformaldehyde and 2.5% glutaraldehyde, pH 7.4). After rinsing in 0.1M cacodylate buffer, samples of each tongue for scanning electron microscopy were postfixed in a phosphatebuffered solution of 1% osmium tetroxide at 3TC for 2 h. These samples were then treated with 8N hydrochloric acid at 60C for 30min in order to remove the mucus from the surface of the tissue. This procedure was followed by dehydration, critical-point drying and platinum palladium ion-sputtering.
The specimens were observed with a Hitachi S-800 scanning electron microscope.
For transmission electron microscopy, part of each tongue was cut into small blocks after fixation in half-strength Karnovsky solution. Small blocks were postfixed in a phosphate-buffered solution of 1 osmium tetroxide at 4C for 1.5 h. This procedure was followed by dehydration, embedding in epoxy resin, ultrathin sectioning, and uranyl acetate-lead citrate double staining. The stained specimens were observed under a JEOL JEM-1200EX transmission electron microscope.
Some of the material embedded in epoxy resin was also examined by light microscopy.
RESULTS

Scanning electron microscopy
The tongue of the Japanese terrapin, Clemmys japonica, is triangular with a round apex when viewed dorsally, but exhibits a flattened shape when viewed laterally (Fig. 1) . Lingual papillae were observed by SEM to be widely distributed all over the dorsal surface of the tongue. These papillae are composed of irregularly shaped papillae varying from columnar, cuboidal, conical to angular in shape, and of ridge-like papillae. Irregularly shaped papillae are distributed on the dorsal surface of the anterior and central portions of the tongue; the diameter of each is 100-300um at the base. The ridge-like papillae are located predominantly in the latero-posterior area of the dorsal lingual surface, and the length of the short axis of each ranges from 100 to 500um. The interpapillary epithelium is very narrow and deeply sunken (Figs. 1, 2) . Dome-shaped bulges, measuring about 10um in diameter, are compactly distributed all over the surface of the irregularly shaped papillae. Each bulge seems to correspond to a single cell. Microvlli are widely distributed on the surface of each bulge or cell. However, on some cells, these structures are not distinct (Fig. 3) . On the surface of the ridge-like papillae, hemispherical bulges are compactly distributed, these measuring also about 10um in diameter. The bulges in this area are not as distinct as those on the irregularly shaped papillae, which are located in the anterior and central areas of the tongue (Fig. 4) . On the cell surface of the ridgelike papillae, compactly distributed microvilli were also obeserved, as well as scattered pores, which are related to the secretion of fluid (Fig. 5 ).
Light microscopy
Light-microscopic examination showed that the connective tissue of the lamina propria penetrated deep into the center of each papilla. The apical epithelium of each papilla is probably composed of cells of the stratified squamous and/or cuboidal type, which were moderately stained by toluidine blue. The cells on the free-surface side were stained particularly weakly. The features of the epithelial cells on the lateral side of each papilla appeared to be somewhat different from those on the apical side. The major part of the surface layer of the lateral side of each papilla is composed of cells that are elongated in a baso-apical direction (Fig. 6 ).
Transmission electron microscopy
The apical epithelium of the lingual papillae Under the transmission electron microscope, the basal and suprabasal cells of the apical epithelium appear somewhat round or squamous. A large, round or oval nucleus is located in the cell center. In the cytoplasm, mitochondria, rough endoplasmic reticulum, and free ribosomes are observed. Fibrillar bundles are distributed in the cytoplasm of some cells. Cellular processes are relatively well developed, and desmosomes are intercalated between the processes of adjacent cells. Hemidesmosomes are intercalated between the processes of basal cells and the basement memrane (Fig. 7) . In the deep intermediate layer, the cells are cuboidal in shape. A large nucleus is located in the central region of each cell. In the cytoplasm, mitochondria, rough endoplasmic reticulum, free ribosomes and fibrillar bundles are observed. Cellular processes are well developed around the cell surface. Desmosomes are intercalated between adjacent cells. The intercellular spaces are relatively wide. This layer corresponds to the spinous layer (Fig. 8) . In the superficial intermediate layer, there are two types of cell: one is the immature mucous cell, and the other contains numerous, fine granules with low electrondensity. In the former cell, the nucleus is located near the cell base. The cytoplasm contains numerous mitochondria and copious endoplasmic reticulum. Very few electron-dense granules, probably immature mucous granules, are visible. The cell interdigitation is well developed between adjacent cells. No intercellular spaces can be recognized (Fig. 9) . Towards the apical layer of the epithelium of the papillae, the two types of cell become more clearly distinguishable. One type is the typical mucous cell, which contains numerous, electron-lucent, round and/ or discoidal granules of lum in diameter along the long axis and 0.3um in diameter along the short axis; the nucleus is located in the basal region of the cell. The other type consists of cells that contain numerous, fine, round granules with low electrondensity. In this latter type of cell, the nucleus is located in the basal region where numerous mitochondria are also seen. The former type cells clearly exceed in number the latter type cells in this area. The cells that contain fine granules are located on the free-surface side, and can at times comprise almost a single layer of cells. The typical mucous cells are located just beneath this layer; these cells also from a single layer. The cell interdigitation is markedly developed between adjacent cells of both types. The plasma membrane of the fine granule-containing cells issue dense microvilli (Figs. 9, 10 ). Almost all of the fine granules are discoidal in shape. They measure 0.3-0.41cm along the long axis, and about 0.1um along the short axis. At higher magnifications, the cytoplasm around the nucleus is seen to contain rough endoplasmic reticulum, mitochondria and electron-dense granules (Fig. 10) . In the perikaryal cytoplasm, free ribosomes and fibrous structure are clearly visible (Fig. 11) .
The lateral epithelium of the lingual papillae The composition of the lateral epithelium is fundamentally the same as that of the apical epithelium. It comprises cells of the stratified, squamous or cuboidal type. In the basal layers, some of the cells may be elongated in a baso-apical direction. The features of each cell in the deep intermediate layer are also the same as those of cells in the apical epithelium (Fig. 12 ). In the superficial intermediate layer, two types of cell can be distinguished, as in the apical epithelium: one is the mucous cell, while the other contains numerous, fine round and discoidal granules with low electron-density. In the surface layer, these two cell types are clearly distinguishable, even though they do not form two distinct layers. The cells appear to be located randomly, in contrast to the surface layer cells. Furthermore, the mucous cells are apparently more numerous than in the surface layer, many mucous cells being located on the freesurface side (Fig. 13) . At the bottom of the interpapillar epithelium, in particular, most of the cells of the surface layer are mucous cells. Only a few of them are the cell that contain numerous, fine round and discoidal granules (Fig. 14) .
There are no signficant differences in terms of cytological features between the epithelium of the irregularly shaped lingual papillae, located on the wide area of the lingual apex and body, and the epithelium of the ridge-like papillae located on the latero-posterior area of the tongue.
DISCUSSION
In mammals, the lingual papillae located on the dorsal surface of the tongue are generally classified into four types: filiform, fungiform, foliate, and circumvallate. The latter three types are related to gustation in many species of mammals (STERN, 1980) . The filiform papillae, by contrast, have no direct relationship to gustation, showing more or less intense keratinization (FARBMAN, 1966 (FARBMAN, , 1970 CASE and SPEARMAN, 1969; BOSHELL et al., 1982; STEFLIK et al., 1983; IWASAKI and MIYATA, 1989, 1990; IWASAKI, 1990a) . It seem that in mammals, the filiform papillae are suited for the retention of food and mucous fluid on the surface of the tongue.
Earlier reports (OSAWA, 1898; IWASAKI and MIYATA, 1985a; RABINOWITZ and TANDLER, 1986; SCHWENK, 1986; IWASAKI, 1990b ) and the present study have demonstrated that the dorsal lingual surface of the reptile is rich in papillae, as is the case in mammals (FARBMAN, 1966 (FARBMAN, , 1970 CANE and SPEARMAN, 1969; HUME and POTTEN, 1976; STEFLIK et al., 1983; IWASA-KI and MIYATA, 1985b; IWASAKI et al., 1987a IWASAKI et al., , b, 1988 BOSHELL et al., 1989) . The lingual papillae in the reptiles is resembles in distribution the filiform papillae in amphibians and mammals. The form of the tongue itself is considerably variable among reptilian species. In particular, Takydromus tachydromoides (IwASAKI and MIYATA, 1985a) has a tongue bifurcated along the anterior third of its length, Gekko japonicus (IwASAKI, 1990b) possesses an only slightly bifurcated tongue, whereas in Sphenodon punctatus (OSAWA, 1898; SCHWENK, 1986) , Anolis carolinensis (RABIN-OWITZ and TANDLER, 1986), Geoclemys reevesii (IwASAKI, 1992) and Clemys japonica the tongue is never bifurcated. On the surface of the bifurcation of T tachydromoides, there are no lingual papillae. The flat, fan-shaped and the long, scale-like papillae are similar in T. tachydromoides and G. japonicus, but dome-shaped papillae are observed in G. japonicus and C. japonica. In G. reevesii, most of the lingual papillae are ridge-like, but some are conical or cuboidal. In S. punctatus, filamentous papillae are compactly distributed on the surface of the anterior region of the surface of the tongue, and shorter, stockier papillae are distributed on the posterior region. Gustatory papillae are scattered between these filamentous and shorter papillae.
In A. carolinensis, cylindrical papillae are distributed in the anterior and posterior regions, and plumose papillae are distributed in the middle region. These observations suggest that there may be wide variations in the shape of the lingual papillae in reptiles, just as there are in the shape of the tongue itself.
The histological results form the present study indicate that most of the dorsal lingual epithelium in C. japonica, which is aquatic, is composed of cells that contain secretory granules as is the case in G. reevesii (IWASAKI, 1992) . By contrast, in S. punctatus (SCHWENK, 1986 ), A. carolinensis (RABINOWITZ and TANDLER, 1986 ) and G. japonicus (IwASAKI, 1990b , which are terrestrial, those cells containing secretory granules are fewer in number in the dorsal lingual epithelium than those in G. reevesii and C. japonica. Instead, the large part of the dorsal epithelium is stratified in nature without secretory granules. These comparative data suggest that the composition of the dorsal epithelium may reflect the environmental circumstances of an animals life. Namely, they suggested that when animals become move from aquatic to terrestrial, the dorsal lingual epithelium begins to lose the secretory cells, being replaced by stratified squamous cells. The latter type can be considered more suitable for terrestrial life. Further observations in various species are necessary to confirm the validity of this hypothesis.
Microridges are widely observed on the dorsal lingual surface of mammals, in particular on the interpapillar surface. They disappear with the progression of keratinization (IwASAKI et al., 1987a, b; IWASAKI and MIYATA, 1989, 1990; IWASAKI, 1990a) . Microvilli are predominant on the dorsal lingual surface of G. japonicus (IWASAKI, 1990b) , G. reevesii (IwASAKI, 1992) and C. japonica, though the development of the microridges is less pronounced than in T. tachydromoides (IwASAKI and MIYATA, 1985a) . The reason for these differences may be related to the fact that most of the dorsal epithelium of G. japonicus, G. reevesii and C. japonica is occupied by cells that contain secretory granules. Although the dorsal epithelium of amphibians also contains many cells with secretory granules (ZYLBERBERG, 1977; IWASAKI and WANICHANON, 1991) , their surface is covered with microridges . As pointed out by SPERRY and WASSERSUG (1976) , microridges may play a role in the retention and spreading of mucus on the epithelial cell sueface. Microvilli on the surface of the oral epithelial cells are thought to have a function similar to microridges. Furthermore, it is assumed that, as in the case of lingual papillae, both microvilli and microridges function as supporting structures for the uptake of food, mastication, and swallowing because of the friction that they provide; in addition, some kinds of food are more easily attached to a rough surface covered with mucus than to a smooth surface. In mammals, the tongue mainly functions in food uptake and taste sensation (GRAZIADEI, 1969) ; mucous or serous secretion is rather unimportant since the salivary glands play the major part in this function. Several salivary glands are located around the oral cavity in reptiles, i.e., the palatine, sublingual, supralabial and infralabial glands (KOCHVA, 1978) . In addition, previous studies (SCHWENK, 1986; IWASAKI, 1990b IWASAKI, , 1992 and the results of the present examination of the reptilian tongue indicate that the lingual epithelium contains numerous cells with secretory granules. These findings suggest that, in reptiles, the tongue is an important organ for the secretion of saliva into the oral cavity, and that this wet tongue is useful for catching food, just as it is in the frog.
In G. japonicus (IwASAKI, 1990b) , many of the epithelial cells contain granules with a bipartite structure. However, in G. reevesii and C. japonica, two different types of granular cells, both of which were morphologically distinguishable from the granular cells of G. japonicas, were recognized in the dorsal lingual epithelium; one type of cell was the typical mucous cell, while the other type contained numerous, round, fine granules. Although the nature of the latter granules is not clear, we can conceive that they may be a kind of secretory granule.
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